Background/Objectives: A disease-specific nutrition screening tool (NST): the spinal nutrition screening tool (SNST) has been developed for use in patients with spinal cord injury (SCI) but its reliability and agreement with other published tools requires investigation. The aims of this study were to assess the prevalence of malnutrition risk in SCI patients and to confirm the diagnostic accuracy of the SNST. Subjects/Methods: Patients' baseline clinical data, anthropometric measurements and NST scores were assessed. The validity of the SNST was assessed by (i) comparing with a full dietetic assessment (criterion validity); (ii) comparison with a generic NST: malnutrition universal screening tool (MUST) (concurrent validity); and (iii) completion of an additional SNST to assess inter-and intra-rater reliability. Agreement was assessed using Cohen's k-statistics. Results: Using the SNST, the prevalence of malnutrition risk ranged from 22 to 64% on admission to four SCI centres. The SNST had substantial agreement with MUST (k: 0.723, 95% confidence interval (CI): 0.607-0.839) and dietitian assessment (k: 0.567, 95% CI: 0.434-0.699). The SNST had a moderate to substantial reliability (inter-rater reliability: k: 0.5, 95% CI: 0.2-0.8; intra-rater reliability: k: 0.64, 95% CI: 0.486-0.802). When compared with dietetic assessment, the SNST had a numerically lower specificity (76.1% vs 80.4%) and similar agreement to MUST (k: 0.57 vs 0.58) but SNST showed a numerically higher sensitivity (85.7% vs 80.4%) and a numerically higher negative predictive value (92% vs 89.2%) than MUST. Conclusions: This study shows that malnutrition is common in SCI patients. The SNST is an acceptable (valid and reliable) NST and may be a useful alternative to MUST in identifying SCI patients at risk of malnutrition.
Introduction
Malnutrition is both a cause and a consequence of illness, particularly in vulnerable patient groups such as those with spinal cord injuries (SCIs) (MASCIP, 2010) . It leads to poorer clinical outcomes such as infection, extended hospital stay, reduced quality of life and increased healthcare costs (NICE, 2006 , NHS Institute for Innovation and Improvement, 2009 , Brotherton et al., 2010 . Evidence from the general literature suggests that malnutrition is common (13-78%) and figures are higher still if attention is targeted on specific vulnerable groups (Kubrak and Jensen, 2007) .
In the absence of a gold standard, researchers have been led to develop various nutritional indices that could be used to stratify patients at an increased risk of poorer outcomes because of malnutrition. The use of a valid nutrition screening tool (NST) could assist the process of accurately identifying those patients who are at risk of developing malnutrition. Appropriate identification and early intervention could improve clinical outcomes and reduce health-care costs (NICE, 2006; ADA, 2009) .
Previous studies have consistently revealed the inadequacy of any single method or tool in assessing a patient's nutritional status (Stratton et al., 2004) and the use of threshold body mass index (BMI) values (as in malnutrition universal screening tool (MUST)) may produce false results in SCI patients because of changes in body composition after SCI (Liusuwan et al., 2004; Laughton et al., 2009) . A diseasespecific NST, the spinal nutrition screening tool (SNST) was developed by dietitians working in SCI centre (SCIC) (Bearne, 2004, personal communication) (Figure 1 ). The SNST assesses eight criteria, of which the majority are recognised predictors or symptoms of undernutrition: history of recent weight loss, BMI, age, level of SCI, presence of co-morbidity, skin condition, appetite and ability to eat. Each step of screening has a score of up to 5 and the total score reflects the patient's degree of risk. A score of 0-10 indicates a low risk of undernutrition, 11-15 indicates moderate risk of undernutrition and 415 indicates high risk of undernutrition. Pilot work suggested that the SNST has an ability to identify patients at true risk of undernutrition without generating large numbers of false-positive cases (Wong et al., 2010a) .
What was not yet known was how the SNST compared with other validated NSTs: its reproducibility, reliability and the concurrent validity all required further investigation.
The aims of this study were to (1) compare the performance of the SNST with a variety of published tools; (2) to investigate the concurrent validity of SNST with these NSTs and to assess whether the same patients are identified as malnourished; (3) to compare the ease of use of SNST with other NSTs.
Materials and methods
This study was approved by the National Research Ethics Committee (ref: 08/H0605/83). The primary investigators were nurses and dietitians. Before the launch of the study, all local investigators attended a meeting and received training on the use of SNST.
Adult patients (418 years), who were able to give informed consent were eligible for recruitment, and those with conditions such as acute confusion, unconsciousness, admitted as day cases and who were not affected by SCI were excluded. Fewer than 5% of eligible patients declined to give their consent.
Methodology of SNST
In all investigations, the SNST (Figure 1 ) was completed as follows. Weight was measured to the nearest 0.1 kg using Validation of SNST in SCI patients S Wong et al calibrated ward scales or if the patient could not be weighed, then this was estimated or a recently recalled weight was used (if reliable and realistic). Owing to the nature of SCI, most patients admitted to SCIC are paralysed and on bed rest, so standing height measurement was not realistic. Recalled pre-injury height was used, or height was estimated by one of the alternative methods recommended by the British Association for Parenteral and Enteral Nutrition (Elia, 2003) . BMI was calculated and weight history scored accordingly ( Figure 1 ). If neither weight nor BMI could be obtained, subjective criteria assessing recent visible weight loss were used. The percentage of unintentional weight loss in the last 3-6 months was calculated from the difference between of pre-injury weight and weight on admission. Age, level of SCI, presence of co-morbidities, skin condition, diet, appetite and ability to eat were scored using data obtained from a standardised admission proforma used in all study centres.
Investigation of malnutrition risk in SCIC
Comparison of the SNST with MUST in patients admitted to the UK SCICs. All patients were screened by the local investigator within 96 h after admission using the SNST and MUST. SNST and MUST scores are classified into three (low, medium and high) risk categories, but to aid comparison, both sets of risk scores were consolidated into two risk categories; 'low' (low-risk category) or 'at-risk' (medium-and high-risk categories). The prevalence of malnutrition risk using MUST (Elia, 2003) was also recorded and compared with that identified by the SNST. Validity and reliability SNST Criterion validity. Patients' malnutrition risks (according to their SNST score) were compared with a reference standarda full dietetic assessment and a review of their medical notes (National Spinal Injuries Centre patients, n ¼ 102).
Concurrent validity. Individuals' SNST score and MUST score were compared using agreement and chance-corrected agreement (k-statistics) (Landis and Koch, 1977) 
Inter-rater reliability. The reliability of the SNST in yielding the same risk categories in the same patients by different assessors (RD1 and RD2) was assessed using agreement and chance-corrected agreement (n ¼ 48).
Intra-rater reliability. The reliability of the SNST to produce the same risk categories in the same patients by the same assessor in two occasions was assessed using agreement and chance-corrected agreement (RD1 and RD1) (n ¼ 91).
Statistical analysis
To test the concurrent validity between the two NSTs, agreement and chance-corrected agreement between pairs of tools applied to the same patients was assessed by Cohen's k, and 95% confidence intervals (CIs) were calculated (Landis and Koch, 1977) . Values of k of þ 1.0, zero and -1.0 indicate perfect agreement, no agreement and perfect disagreement respectively. Agreement categories for k include, poor: 0.00-0.2; fair: 0.21-0.4; moderate: 0.41-0.60; substantial: 0.61-0.80 and almost perfect: 0.81-1.00 (Landis and Koch, 1977) .
Sensitivity and specificity were calculated as additional indicators of the validity of the SNST, and contingency tables were created to differentiate between true negatives/positives and false negatives/positives.
Statistical analysis was undertaken using the Minitab statistical software package (version 15, Minitab Ltd, Coventry, UK). (Wong et al., 2011) .
Results

This
The causes of their SCI varied and included both traumatic causes (70.3%): road traffic accidents: 27%, domestic falls: 28.8%, sports injuries: 9% and assault injuries: 5.4%; and non-traumatic causes (29.7%) such as spinal tumour and infection/abscess of the spine.
Practical utility of SNST and MUST Of the 150 recruited patients, 139 (92.6%) were screened by SNST and 140 (93.3%) were screened by MUST.
Prevalence of malnutrition
The prevalence of malnutrition (under and overnutrition) in this cohort of patients varied considerably between the different SCICs, and the use of different BMI cut-off values (Table 1) .
The prevalence of overnutrition using the conventional BMI threshold of 425 kg/m 2 was 45%.
The percentage of patients identified at risk of undernutrition using SNST (medium þ high-risk scores) was 44.6% compared with 40.0% using MUST.
Patients with lower levels of SCI (paraplegia) were less likely to be malnourished In all, 58% (36/62) of patients who were identified as at risk of undernutrition were referred to the dietitian.
Criterion validity
Using dietitian assessment as a reference standard, 106 (76.3%) patients were classified at the same nutritional risk when using dietetic assessment and SNST ( Table 2 ). The agreement between the dietetic assessment and SNST was moderate to substantial (k: 0.57, 95% CI: 0.434-0.699). Six patients (4.3%) who were judged to be at risk of undernutrition by dietetic assessment had not been rated at risk by the SNST (Table 1 ). This gives, the SNST a sensitivity of 85.7%. Twenty-two patients (15.8%) who were rated at risk by the SNST were assessed as at low risk by dietetic assessment and thus were false positives, this gives the SNST a positive predictive value of SNST of 62% (Table 2) .
When compared with dietetic assessment, the SNST had a numerically lower specificity (76.1% vs 80.4%) and similar agreement to MUST (k: 0.57 vs 0.58) but SNST showed a numerically higher sensitivity (85.7% vs 80.4%) and a numerically higher negative predictive value (92% vs 89.2%) than MUST.
Reliability
Inter-rater reliability. The inter-rater agreement of the SNST completed by two dietitians was moderate (k ¼ 0.5) and concurred (agreed) for 75% of patients (24 out of 32) when medium-and high-risk categories were grouped together (Table 3) .
Intra-rater reliability. The intra-rater agreement of SNST to produce the same at-risk categories on the same patients by the same assessor in two occasions was substantial (k ¼ 0.644), and concurred (agreed) for 82.2% of patients (74 out of 90) when medium-and high-risk categories were grouped together (Table 3) .
Concurrent validity of SNST and MUST
When comparing the SNST with MUST as a reference NST, SNST had a sensitivity of 87.1% and a specificity of 85.5%. The agreement of these two tools was substantial (k ¼ 0.723) (Table 4) (Landis and Koch, 1977) . Validation of SNST in SCI patients S Wong et al
Discussion
The SNST identified 44.6% patients as being at risk of undernutrition, corresponding to previous pilot findings of 47% (Wong et al., 2009) . As individuals with SCI commonly have up to 15% more body fat than BMI-matched able-bodied controls, an adjusted BMI cut-offs of 22 for overweight and 27 kg/m 2 for obese have been recently proposed for SCI individuals (Laughton et al., 2009 ). This would designate 97 (67%) of our individuals at potential risk of overnutrition, matching the previous findings of 70% (Groah et al., 2009) .
Apart from identifying individuals who are at risk of malnutrition, nutritional screening also helps to determine whether a more detailed nutritional assessment is necessary. An ideal NST should identify all patients who are at high risk of malnutrition, without misclassifying those who are at low risk (British Dietetics Association, 1999) . However, in the absence of a universally accepted definition of malnutrition, it is difficult to establish the validity of any newly developed NST. Therefore, it is important to establish the extent to which the SNST agrees with previously used and established methods for identifying malnutrition (Stratton et al., 2004) .
We have assumed that an assessment by a dietitian is most likely to be accurate, as it reflects additional knowledge and training. This study comparing screening results with dietetic assessment adds extra weight to the validity of SNST.
In this study, the SNST showed substantial agreement when compared with MUST (k: 0.723, sensitivity: 87.1%, specificity: 85.5%). These values were comparable with other concurrent validation studies, such as MUST vs a variety of other NSTs (0.55pkp0.89) (Stratton et al., 2004) , the Glasgow NST vs MUST (k: 0.57, sensitivity: 95%, specificity: 65%) (Gerasimidis et al., 2007) and the Imperial Nutritional Screening System vs MUST (k: 0.53, sensitivity: 95%, specificity: 65%) (Tammam et al., 2009) .
For a tool to give a reproducible measurement there must be a good agreement between users, as reflected by a high level of reliability. This study found 475% of the cases agreed between assessors. The reliability of SNST was found to be between moderate to substantial (inter-rater reliability: k ¼ 0.5; intra-rater reliability: k ¼ 0.64). In statistical terms, k of 0.5 and 0.64 denote moderate to substantial agreement between the assessors, however, at a lower level than with other tools (Gerasimidis et al., 2007) .
In this study, 4.3% (6/139) false negatives were identified, therefore it is vital to remind the health-care staff that a low SNST score does not necessarily exclude the patients from being at true risk of undernutrition, so therefore nutritional monitoring and repeating nutritional screening is essential.
This study did not record the time taken to complete the NSTs but our training data suggested that the SNST can be completed within 10 min by appropriately trained nursing staff.
This study was not able to determine how many patients who are at risk of malnutrition would have been missed without screening using the SNST. However, our audit data indicate that 440% of dietetic referrals do not include a NST score (Wong S: unpublished data) suggesting further work is needed to implement wider use of NST in SCI setting. On the other hand, this study found only one in two patients who are at true risk of malnutrition are referred for dietetic assessment, suggesting that the national standards (NICE, 2006) are poorly policed and alone are insufficient to stop all vulnerable patients becoming malnourished especially if they have predisposing factors toward malnutrition.
A recent survey assessing nutrition practice in UK SCIC found that not all centres had dedicated scales (Wong et al., 2010b) and SCIC reported that they used different NSTs to screen their patients (Wong et al., 2010b) . It is not uncommon that patients report weight loss after SCI and on that ground are classified as being at nutritional risk. One participating SCIC was unable to weigh patients until they were mobilised and as a result, estimated weights were used, thus some weights may be inaccurate. In summary, this study addressed the formal validation of a disease-specific NST and concludes that the SNST presents acceptable levels of sensitivity and specificity when compared with validated generic NST. The SNST is an acceptable (valid and reliable) NST and may be a useful alternative to MUST in identifying SCI patients at risk of malnutrition. To improve the accuracy of identifying at-risk patients, we recommend that SCICs should use the SNST and acquire suitable weighing scales for their patients.
